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(57) Devices and methods are provided for extract- 
ing and macerating tissue, and optionally for depositing 
the tissue onto a tissue scaffold. The device generally 
includes an outertube having a substantially open distal 
end that is adapted to be placed on and preferably to 
form a seal with a tissue surface, and a shaft rotatably 
disposed within the outertube and movable between a 
first, proximal position in which the shaft is fully disposed 
within the outer tube, and a second, distal position in 
which a portion of a distal end of the shaft extends 



through the opening in the distal end of the outer tube. 
The device also includes a tissue harvesting tip formed 
on the distal end of the shaft that is effective to excise 
a tissue sample when the shaft is moved to the distal 
position, and a cutting member that is coupled to the 
shaft at a position proximal to the tissue harvesting tip. 
The cutting member is effective to macerate a tissue 
sample excised by the tissue harvesting tip. 
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Description 

FIELD OF THE INVENTION 

[0001] The present invention relates generally to de- 
vices and methods for extracting and macerating tissue. 

BACKGROUND OF THE INVENTION 

[0002] Bone grafts are often used to treat fractures, 
gaps in bones caused by trauma or infection, revision 
joint surgery, and oral/maxillofacial surgery. Bone grafts 
provide a framework into which the host bone can re- 
generate and heal. Once implanted, the bone cells 
weave into and through the porous microstructure of the 
bone graft to support the newtissue, blood cells and soft 
tissue as they grow to connect fractured bone seg- 
ments. 

[0003] The loss or failure of tissue is one of the most 
frequent and costly problems in human health care. In 
recent years, grafting has evolved from the initial 
autograft and allograft preparations to biosynthetic and 
tissue-engineered living replacements. Tissue engi- 
neering enables the growth of transplantable functional 
tissue replacements starting from samples of autolo- 
gous cells of the patient. The cells are obtained by har- 
vesting tissue from a patient using a biopsy and then 
cells are extracted from the tissue sample and cultured 
to the appropriate numbers in the laboratory. These liv- 
ing cells are then placed in a three-dimensional natural 
or synthetic scaffold or matrix, and are kept under tissue 
specific culture conditions to ensure differentiation and 
tissue maturation. If provided with the appropriate con- 
ditions and signals, the cells will secrete various matrix 
materials to create an actual living tissue that can be 
used as a replacement tissue to be implanted back into 
the defective site in the patient. 

[0004] Current tissue engineering procedures involve 
a multi-step process. First, a biopsy is performed to re- 
move a tissue sample from a patient's body. A variety of 
biopsy devices are well known in the art, including, for 
example, high -pressure fluid jets that are effective to cut 
and retrieve a tissue sample. Once the biopsy proce- 
dure is complete, thetissue sample is then sentto a lab- 
oratory, where the tissue is prepared for cell isolation. 
The isolated cells can then be placed into a three-di- 
mensional scaffold for subsequent growth and eventu- 
ally implantation back into the patient. 
[0005] While current procedures have proven effec- 
tive, they can be very time-consuming and costly. Ac- 
cordingly, there exists a need for more efficient and ef- 
fective methods and devices for obtaining and process- 
ing a tissue sample. There also remains a need for an 
improved biopsy device that maximizes cell viability. 

SUMMARY OF THE INVENTION 

[0006] The present invention provides a tissue extrac- 



tion and maceration device that is designed to effective- 
ly remove a viable tissue sample, to control the volume 
of tissue removed, and to macerate the tissue sample 
into particles having a predetermined size. In general, 

5 the device includes an outer tube having a substantially 
open distal end that is adapted to be placed on and to 
form a seal with a tissue surface, and a shaft that is ro- 
tatably disposed within the outer tube and that is mov- 
able between a first, proximal position in which the shaft 

10 is fully disposed within the outer tube, and a second, 
distal position in which a portion of a distal end of the 
shaft extends through the opening in the distal end of 
the outer tube. In one embodiment, a biasing element 
can be provided for biasing the shaft to the proximal po- 

15 sition , and a trigger mechanism can be connected to the 
shaft to, upon actuation, overcome the biasing force to 
move the shaft from the proximal position to the distal 
position. 

[0007] The device also includes a tissue harvesting 
20 tip formed on the distal end of the shaft. The tissue har- 
vesting tip is effective to excise a tissue sample. In one 
embodiment, the harvesting tip can be a cone-shaped 
member having a plurality of cutting teeth formed on an 
outer surface thereof. In another embodiment, the har- 
25 vesting tip can be a substantially semi-cylindrical hous- 
ing having a cutting surface formed around a periphery 
thereof. While the harvesting tip can have a variety of 
configurations, it is preferably adapted to penetrate tis- 
sue to remove a predetermined volume of tissue when 
30 the shaft is moved from the proximal position to the distal 
position. 

[0008] The device can further include a cutting mem- 
ber coupled to the shaft at a position proximal to the tis- 
sue harvesting tip. The cutting member, which is preter- 
ms ably in the form of at least one blade member extending 
radially from the shaft, is effective to macerate a tissue 
sample excised by the tissue harvesting tip. Each blade 
member can have a shape such as, for example, a rec- 
tangular shape, a curved shaped, a triangular shape, a 
40 square shape, an irregular shape, and combinations 
thereof. 

[0009] In another embodiment, the device includes a 
sizing screen disposed within the outer tube and posi- 
tioned proximal to the harvesting tip and the cutting 
45 member of the shaft. The sizing screen can have several 
openings formed therein for allowing tissue of a prede- 
termined size to pass therethrough. The openings can 
optionally be defined by a wall having an upstream edge 
that is effective to cut tissue having a size greater than 
50 the circumference of the openings. 

[0010] The present invention also provides a method 
for harvesting a tissue sample using a tissue extraction 
and preparation device having an outer tube with an 
open distal end, and a shaft rotatably disposed within 
55 the outer tube and including a tissue harvesting tip 
formed on the distal end thereof and a cutting member 
coupled to the shaft at a position proximal to the tissue 
harvesting tip. The method includes the steps of cou- 
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pling the proximal end of the shaft to a driver mecha- 
nism, and positioning the open distal end of the outer 
tube against a tissue surface at a desired tissue sample 
site. The driver mechanism is then actuated to effect ro- 
tation of the shaft within the outer tube, and the shaft is 
moved from a proximal position, wherein the harvesting 
tip of the shaft is disposed within the outer tube, to a 
distal position, wherein the harvesting tip extends dis- 
tally from the outer tube, thereby causing the harvesting 
tip to obtain a tissue sample. The shaft is then returned 
to the proximal position wherein the tissue sample is 
macerated by the cutting member. In a further embodi- 
ment, the outer tube can be coupled to a tissue dispens- 
ing device that is effective to deposit the macerated tis- 
sue sample onto a tissue scaffold. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] The invention will be more fully understood 
from the following detailed description taken in conjunc- 
tion with the accompanying drawings, in which like ref- 
erence numerals designate like parts throughout the 
various figures, and wherein: 

FIG. 1 A is a perspective view of a tissue extraction 
and maceration device according to one embodi- 
ment of the present invention; 

FIG. 1B is a cross-sectional view of the tissue ex- 
traction and maceration device shown in FIG. 1 A; 

FIG. 2A is a perspective view of the outer tube of 
the tissue extraction and maceration device shown 
in FIGS. 1Aand 1B; 

FIG. 2B is a cross-sectional view of the outer tube 
shown in FIG. 2A; 

FIG. 3A illustrates one embodiment of a harvesting 
tip of an inner shaft for use with a tissue extraction 
and maceration device in accordance with the 
present invention; 

FIG. 3B illustrates another embodiment of a har- 
vesting tip of an inner shaft for use with a tissue ex- 
traction and maceration device in accordance with 
the present invention; 

FIG. 3C illustrates yet another embodiment of a har- 
vesting tip of an inner shaft for use with a tissue ex- 
traction and maceration device in accordance with 
the present invention; 

FIG. 3D illustrates yet another embodiment of a har- 
vesting tip of an inner shaft for use with a tissue ex- 
traction and maceration device in accordance with 
the present invention; 



FIG. 4A illustrates one embodiment of a cutting 
member for use with a tissue extraction and mac- 
eration device in accordance with the present in- 
vention; 

5 

FIG. 4B illustrates another embodiment of a cutting 
member for use with a tissue extraction and mac- 
eration device in accordance with the present in- 
vention; 

10 

FIG. 4C illustrates yet another embodiment of a cut- 
ting member for use with a tissue extraction and 
maceration device in accordance with the present 
invention; 

15 

FIG. 4D illustrates yet another embodiment of a cut- 
ting member for use with a tissue extraction and 
maceration device in accordance with the present 
invention; 

20 

FIG. 4E illustrates yet another embodiment of a cut- 
ting member for use with a tissue extraction and 
maceration device in accordance with the present 
invention; 

25 

FIG. 4F illustrates yet another embodiment of a cut- 
ting member for use with a tissue extraction and 
maceration device in accordance with the present 
invention; 

30 

FIG. 5 illustrates one embodiment of a sizing screen 
for use with a tissue extraction and maceration de- 
vice in accordance with the present invention; 

35 FIG. 6 illustrates the tissue extraction and macera- 
tion device shown in FIG. 1 A mated to a tissue col- 
lection device according to another embodiment of 
the present invention; 

40 FIG. 7A illustrates a tissue extraction and macera- 
tion according to the present invention positioned 
on a tissue surface; and 

FIG. 73 illustrates the tissue surface having a tissue 
45 sample removed therefrom using a tissue extrac- 
tion and maceration device according to the present 
invention. 

DETAILED DESCRIPTION OF THE INVENTION 

50 

[0012] The present invention provides devices and 
methods for extracting and macerating tissue, and op- 
tionally for depositing the tissue onto a tissue scaffold. 
As shown in FIGS. 1A-1B, the device 10 generally in- 
55 eludes an outer tube 12 having a substantially open dis- 
tal end 12b that is adapted to be placed on and prefer- 
ably to form a seal with a tissue surface, and a shaft 1 4 
(FIG. 1B) rotatably disposed within the outer tube 12. 
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The shaft 14 is movable between a first, proximal posi- 
tion, as shown in FIG. 1 B, in which the shaft 14 is fully 
disposed within the outer tube 12, and a second, distal 
position (not shown) in which a portion of a distal end 
1 4b of the shaft 1 4 extends through the opening in the 
distal end 1 2b of the outer tube 12. The device 1 0 also 
includes a tissue harvesting tip 1 6 formed on the distal 
end 14b of the shaft 14 that is effective to excise a tissue 
sample when the shaft 14 is moved to the distal position, 
and a cutting member 1 8 that is coupled to the shaft 1 4 
at a position proximal to the tissue harvesting tip 1 6. The 
cutting member 1 8 is effective to macerate a tissue sam- 
ple excised by the tissue harvesting tip 1 6. In an exem- 
plary embodiment, the components of the device 1 0 are 
positioned within an outer housing 26 that extends 
around a portion of the outer tube 12 and that has a 
shape that facilitates handling of the device 1 0. 
[0013] The device is particularly advantageous in that 
it provides a simple, all-in-one device that can be oper- 
ated using one hand. The device is designed to effec- 
tively remove a viable tissue sample, to control the vol- 
ume of tissue removed, and to macerate the tissue sam- 
ple into particles having a predetermined size. 
[0014] The outer tube 12 of the device 10, which is 
shown in more detail in FIGS. 2A and 2B, can have vir- 
tually any shape, size, and configuration. In the illustrat- 
ed embodiment, the outer tube 1 2 has a generally elon- 
gate cylindrical shape and includes proximal and distal 
ends 12a, 1 2b with an inner lumen 12c extending ther- 
ebetween. The proximal end 12a of the outer tube 12 
can be open or closed, but it is preferably adapted to 
connect to a driver mechanism, as will be discussed be- 
low. The distal end 12b of the outer tube 12 is at least 
partially open and it can be adapted to rest against a 
tissue surface. The distal end 12b can further have a 
shape that is configured to provide a seal between the 
inner lumen 1 2c of the outer tube 1 2 and a tissue sur- 
face. As shown in FIG. 2B, the distal end 1 2b of the outer 
tube 1 2 is disposed at an angle a with respect to a lon- 
gitudinal axis L of the device 1 0. While the angle a can 
vary, in an exemplary embodiment the distal end 1 2b is 
angled in the range of about 30° to 70°, and more pref- 
erably at about 40° with respect to the axis L. In use ; the 
seal created between the distal end 12b and the tissue 
surface is particularly advantageous in that it will prevent 
foreign matter from entering the inner lumen 1 2c of the 
outer tube 12. While an angled distal end 12b is pre- 
ferred, the distal end 1 2b of the outer tube 1 2 can have 
a variety of other configurations, and it can optionally 
include other features to facilitate placement on and/or 
a sealed connection with a tissue surface. By way of 
non-limiting example, the edge wall on the distal end 
1 2b of the outer tube 1 2 can include surface features, 
such as ridges 13, formed thereon to facilitate the se- 
cure positioning of theoutertube 12 on a tissue surface. 
A person skilled in the art will appreciate that other tech- 
niques can be used to help maintain the position of the 
outer tube 1 2 on a tissue surface. 



[001 5] In another embodiment, the outer tube 1 2 can 
include a sidearm 20 for mating the device 1 0 to a tissue 
collection device, or for otherwise allowing the tissue 
sampleto be collected. Thesidearm 20 is preferably dis- 

5 posed adjacent to the proximal end 12a of the device 
1 0, and it preferably extends in a direction substantially 
transverse to the longitudinal axis L of the tube 12. The 
sidearm 20 can optionally be coupled to the outer tube 
12 by a second tube 21 that extends around a portion 

10 of the outer tube 1 2 and that is attached to the sidearm 
20. The sidearm 20 includes an inner lumen 20c that is 
in communication with the inner lumen 12c of the tube 
1 2, such that all material flowing into the distal end 1 2b 
of the tube 12 and through the inner lumen 12c of the 

15 tube 1 2 will enter into the inner lumen 20c inthesidearm 
20, rather than exit through the proximal end 1 2a of the 
outer tube 12. The distal end 20b of the sidearm 20 can 
include a connector 22 formed thereon for mating with 
an entry port formed in a tissue collection device, which 

20 will be discussed in more detail with respect to FIG. 6. 
The connector 22 can have virtually any configuration 
depending on the type of tissue collection device that 
the sidearm 20 is adapted to mate to, but the connector 
22 should preferably provide a fluid-tight seal between 

25 the sidearm 20 and the tissue collection device. The si- 
dearm 20 can also be used to create a vacuum within 
the device 1 0 to draw tissue, and any fluid collected with 
the tissue, through the device 10. The vacuum source 
can be part of the tissue collection device, or optionally 

30 a separate vacuum source can be provided to mate with 
the sidearm 20. A person skilled in the art will appreciate 
that the vacuum source can couple to any portion of the 
outertube 12, andthatthe outertube can have a variety 
of other shapes, but it should at least be effective to re- 

35 tain a tissue sample therein. 

[0016] The device 10 can also optionally include an 
outer housing 26 that extends around a portion of the 
proximal end 12a of the outertube 12, and the sidearm 
20, to facilitate handling of the device 10. The outer 

40 housing 26 can have virtually any shape and size, but it 
is preferably adapted to fit within a user's hands. In an 
exemplary embodiment, the outer housing 26 can in- 
clude a rotating member 26a formed on a distal portion 
thereof for allowing rotation of the outer tube 12. As 

45 shown, the rotating member 26a is rotatably coupled to 
the housing 26, and it is positioned around and attached 
to the outer tube 12. As a result, the rotating member 
26a can be used to control the position of the distal end 
1 2b of the outer tube 1 2, thereby facilitating the proper 

50 placement of the distal end 1 2b of the outer tube 1 2 on 
a tissue surface. The rotating member 26a is preferably 
rotatable in a controlled fashion, rather than freely rotat- 
able, such that the position of the outer tube 1 2 can be 
maintained during use. 

55 [001 7] Referring back to Fig. 1 B, the device 1 0 further 
includes an inner shaft 14 that is disposed within and 
extends through the outer tube 12. The inner shaft 14 
can also have a variety of shapes and sizes, but it is 
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preferably a generally elongate cylindrical member hav- 
ing a proximal end 14a and a distal end 14b. The prox- 
imal end 1 4a of the shaft 1 4 can extend out of the prox- 
imal end 12a of theoutertubeto couple to a driver mech- 
anism 22 that is effective to rotate the shaft 1 4. Virtually 
any driver mechanism 22 can be used to rotate the shaft 
14. As shown in FIG. 1A, and partially shown in FIG. 1B, 
the driver mechanism 22 is in the form of a motor (not 
shown) that is disposed within a housing. The motor, e. 
g., a drill or electric motor system, is effective to rotate 
the shaft 14. The driver mechanism 22 is preferably only 
mated to the shaft 14 such that the driver mechanism 
22 is movable with the shaft 14 between the proximal 
and distal positions. In an exemplary embodiment, the 
motor is preferably operated at a speed that is in the 
range of about 1 00 rpm to 5000 rpm. Relatively low op- 
erating speeds are preferred to reduce the risk of caus- 
ing damage to the tissue sample. A person skilled in the 
art will appreciate that virtually any driver mechanism 
can be used, andthatthespeed of the driver mechanism 
can vary depending on the intended use. 
[0018] The proximal end 14a of the shaft 14 also in- 
cludes a trigger mechanism 24 that is effective to move 
the shaft 14 between the proximal and distal positions. 
While the trigger mechanism 24 can have a variety of 
configurations, FIGS. 1A and 1B illustrate a trigger 
mechanism 24 coupled to the outer housing 26 that is 
disposed around a portion of the outer tube 12. The trig- 
ger mechanism 24 is pivotably disposed within the outer 
housing 26, and it is coupled to the driver mechanism 
22 by a pull rod 25. As a result, when the trigger mech- 
anism 24 is actuated, e.g., using one's finger, the trigger 
24 rotates the pull rod 25 to pull the driver mechanism 
22 in a distal direction, thereby causing the driver mech- 
anism 22 to move the shaft 1 4 to the distal position. The 
shaft 14 preferably moves a distance sufficient to allow 
only a portion of the distal end 1 4b of the shaft to extend 
out of the outer tube 12, as will be discussed in more 
detail below. 

[0019] In order to allow the shaft 14 to return to the 
proximal position after the trigger mechanism 24 is ac- 
tuated, the device 1 0 can include a biasing element that 
is effective to bias the shaft 14 to the proximal position. 
The biasing element can have a variety of configura- 
tions, such as, for example, a spring 28, and it can be 
coupled to the trigger mechanism 24, the driver mech- 
anism 22, and/or the shaft 14. As shown in FIGS. 1B- 
2B, the spring 28 is disposed around the proximal end 
1 4a of the shaft 1 4, and it is positioned just proximal to 
the proximal end 1 2a of the outer tube 1 2. A portion of 
the spring 28 can optionally be disposed within a second 
tube 21 which extends around the proximal end 12a of 
the outer tube 12 to mate the sidearm 20 to the outer 
tube 12. 

[0020] In use, the spring 28 is compressed between 
the driver mechanism 22 and the outer tube 12, thereby 
creating a biasing force that is effective to push the driv- 
er mechanism 22, as well as the inner shaft 14, back 



into the proximal position. The spring 28 is also effective 
to create a hard stop between the driver mechanism 22 
and the outer tube 1 2, thereby limiting the distance that 
the in ner shaft 1 4 can extend from the distal end 1 2b of 

5 the outer tube 12. In an exemplary embodiment, the 
shaft 14 moves a distance, between the proximal and 
distal positions, that is in the range of about 1 mm to 5 
mm, and more preferably about 3 mm. A person skilled 
in the art will appreciate that a variety of other tech- 

10 niques can be used to move the shaft 14 between the 
proximal and distal positions. 

[0021] The distal end of the inner shaft 14, which is 
adapted to extend from outer tube 12 when moved into 
the distal position, preferably includes a tissue harvest- 
's ing tip 1 6 that is adapted to retrieve a tissue sample. The 
tissue harvesting tip 1 6 can have a variety of configura- 
tions, but it is preferably adapted to retrieve a viable tis- 
sue sample without tearing or otherwise causing dam- 
ageto the tissue. More particularly, thetissue harvesting 

20 tip 1 6 should allow for the rapid removal of cleanly cut 
tissue, rather than crushed ortorn tissue. Byway of non- 
limiting example, FIGS. 3A-3D illustrate several embod- 
iments of tissue harvesting tips 1 6a-d that can be used 
with the present invention. FIGS. 3A and 3B each illus- 

25 trate a substantially semi-cylindrical tissue harvesting 
tip 1 6a, 1 6b having a scalloped parameter that is effec- 
tive to cut into tissue upon rotation of the shaft 14. In 
FIG. 3A, the tissue harvesting tip 16a is substantially 
hollow to obtain a larger tissue sample, while in FIG. 3B 

30 the tissue harvesting tip 16b is substantially solid and 
the scallops extend across the surface to form ridges on 
the harvesting tip 16b. FIGS. 3C and 3D illustrate alter- 
native embodiments of tissue harvesting tips 16c, 16d. 
In particular, FIG. 3C illustrates a hollow cone-shaped 

35 member having several cutting teeth 1 7 formed around 
and protruding above an outer surface of the cone- 
shaped member. The cutting teeth 1 7 function similarto 
a cheese grater in that they penetrate the tissue to re- 
move several small tissue samples which are collected 

40 inside the hollow cone. FIG. 3D illustrates a tissue har- 
vesting tip 1 6d that is very similar to the tissue harvest- 
ing tip 1 6c illustrated in FIG. 3C, but that has a substan- 
tially cylindrical shape and that includes a substantially 
flattened distal end. 

45 [0022] While the harvesting tip 16 used with the de- 
vice 10 of the present invention can have a variety of 
configurations, shapes, and sizes, the harvesting tip 1 6 
is preferably effective to retrieve a predetermined 
amount of tissue. In an exemplary embodiment, the pre- 

50 determined volume of tissue, pertissue sample, retrieve 
by the harvesting tip 1 6 is in the range of about 0.5 cm 3 
to 1 .5 cm 3 , and more preferably about 0.9 cm 3 . A person 
skilled in the art will appreciate that a variety of tissue 
harvesting tips can be used with the present invention, 

55 and that FIGS. 3A-3D merely illustrate exemplary em- 
bodiments. 

[0023] The distal end 1 4b of the shaft 1 4 can also in- 
clude a cutting member 1 8, which is preferably disposed 
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around the shaft 1 4 at a positioned just proximal to the 
tissue harvesting tip 16. The cutting member 18 can 
have a variety of shapes and sizes, but it is preferably 
effective to macerate the tissue sample excised by the 
tissue harvesting tip 1 6. Similarto the tissue harvesting 
tip 1 6, the cutting member 1 8 should be effective to cut, 
rather than tear, the tissue to allow a viable tissue sam- 
ple to be obtained. By way of non-limiting example, 
FIGS. 4A-4F illustrate several embodiments of cutting 
members 1 8a-1 8f that can be used with a device in ac- 
cordance with the present invention. In general, each 
cutting member 1 8a-1 8f includes one or more blades 1 9 
formed thereon having a particularshape, such as a rec- 
tangular shape, a curved shape, a triangular shape, a 
square shape, or an irregular shape. More particularly, 
FIG. 4A illustrates a cutting member 18a having two 
curved or C-shaped blades 19a 1; 1 9a 2 formed thereon; 
FIG. 4B illustrates a cutting member 18b having three 
substantially triangular shaped blades 1 9b 1 , 1 9b 2 , 1 9b 3 
extending from the shaft and positioned equidistantfrom 
one another; FIG. 4C illustrates a single triangular 
shaped blade 1 9c thatforms a cutting member 1 8c; FIG. 
4D illustrates a cutting member 18d, similar to cutting 
member 18a, but having three curved or C-shaped 
blades 19d 1; 19d 2 , 1 9d 3; formed thereon; FIG. 4E illus- 
trates a cutting member 18e, similarto cutting member 
18b, but having four substantially triangular shaped 
blades 19b.,, 19b 2 , 19b 3 , 19b 4 extending from the shaft 
and positioned equidistantfrom one another; and FIG. 
4F illustrates a cutting member 1 8f having two triangular 
blades 1 9f 1 , 1 9f 2 formed thereon. While a variety of cut- 
ting elements 1 8 are illustrated, in an exemplary embod- 
iment, the cutting element is effective to macerate tissue 
into particles having a diameter in the range of about 0.7 
mm to 1 .3 mm, and more preferably about 1 .0 mm. 
[0024] The device 1 0 can also optionally include a siz- 
ing screen 32, as shown in FIG. 5, that is adapted to 
control the size of the tissue particles that are allowed 
to pass through the outer tube 12. The sizing screen 32 
is preferably disposed just proximal to the cutting mem- 
ber 18, and it can include several openings 34 formed 
therein which have a size that permits tissue particles 
having a size less than the size of the openings 34 to 
pass therethrough. The openings 34 can vary in shape 
and size, but in an exemplary embodiment the openings 
34 have a diameter d in the range of about 0.7 mm to 
1 .3 mm, and more preferably about 1 .0 mm. As a result, 
only tissue particles having a size smaller than the size 
of the openings 34 will be allowed to pass through the 
sizing screen 32. The remaining tissue particles, which 
have a size greater than the size of the openings 34 ; will 
continue to be excised by the cutting member 18 until 
they are small enough to pass through the openings 34. 
To ensure that all of the tissue sample is excised to the 
appropriate size, the cutting member 18 and the sizing 
screen 32 are preferably positioned substantially close 
to one another so that tissue particles being held (pref- 
erably by a vacuum force) against the sizing screen 32 



will come into contact with the cutting member 18. In 
another embodiment, the sizing screen 32 can facilitate 
excising of the tissue sample. In particular, each open- 
ing can have an upstream edge that is effective to cut 
5 tissue having a size greater than the circumference of 
the openings. 

[0025] In use, the device 1 0 is connected to a vacuum 
source (preferably via the sidearm 20) that is effective 
to create a vacuum within the inner lumen 12c of the 

10 outer tube 12, and the distal end 1 2b of the outer tube 
is positioned against tissue surface 50 ; as shown in FIG. 
7A. The motor 22 is activated to rotate the shaft 1 4, and 
the trigger 24 is then squeezed to advance the motor 22 
and the shaft 14 in a distal direction. As a result, the 

15 tissue harvesting tip 1 6 will extend out of the distal end 
1 2b of the outer tube 1 2 and into the tissue. Since the 
shaft 14 is rotating, the tissue harvesting tip 1 6 will rotate 
to excise a tissue sample. As the trigger 24 is released, 
the biasing element 28 causes the shaft 14 to return to 

20 the proximal position. The trigger 24 is preferably only 
actuated once to cause the shaft to rapidly advance into 
the tissue to obtain a tissue sample. Once the sample 
is obtained, the vacuum force draws the tissue sample 
toward the sizing screen 32. where in the rotating cutting 

25 member 1 8 macerates the tissue. Once the macerated 
particles are small enough to fit through the openings 
34 in the sizing screen 32. the particles are drawn 
through the inner lumen 12b of the outer tube 12, and 
preferably through the inner lumen 20c in the sidearm 

30 20. Additional samples of tissue can be taken by repo- 
sitioning the distal end 12b of the outer tube 12 on a 
tissue surface and actuating the trigger 24 to obtain an- 
other sample. FIG. 7B illustrates a tissue surface 50 
having a tissue sample removed therefrom, and having 

35 the distal end 12b of the outer tube 12 repositioned to 
obtain a second sample. 

[0026] As previously indicated, the tissue sample can 
be collected into a tissue collection device. While virtu- 
ally any tissue collection device can be used, FIG. 6 il- 

40 lustrates an exemplary embodiment of a tissue collec- 
tion device 40. The tissue collection device 40 generally 
includes a housing having an inner chamber with a tis- 
sue scaffold disposed therein. The device 40 is effective 
to deposit the macerated sample onto the tissue scaf- 

45 fold, and to collect and excess fluid obtained with the 
tissue sample. The device 40 is described in more detail 
in U.S. Patent Application No. 10/402,266, entitled "Tis- 
sue Collection Device and Methods," filed on March 28, 
2003, and incorporated herein by reference in its entire- 

50 ty. The combination of the device 10 of the present in- 
vention and the tissue collection device 40 is particularly 
advantageous in that it allows a tissue sample to be ex- 
cised, macerated, and deposited onto a tissue scaffold 
in a single step. 

55 [0027] The features and other details of the invention 
will now be more particularly described and pointed out 
in the claims. It will be understood that the particular em- 
bodiments of the invention are shown by way of illustra- 
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tion and not as limitations of the invention. Those skilled 
in the art will know, or be able to ascertain, using no 
more than routine experimentation, many equivalents to 
the specific embodiments of the invention described 
herein. These and all other equivalents are intended to 
be encompassed by the following claims. 



Claims 

1 . A tissue extraction and maceration device, compris- 
ing: 

an outer tube having a substantially open distal 
end that is adapted to be placed on a tissue sur- 
face; 

a shaft rotatably disposed within the outer tube 
and movable between a first, proximal position 
in which the shaft is fully disposed within the 
outer tube, and a second, distal position in 
which a portion of a distal end of the shaft ex- 
tends through the opening in the distal end of 
the outer tube; 

a tissue harvesting tip formed on the distal end 
of the shaft, the tissue harvesting tip being ef- 
fective to excise a tissue sample; and 
a cutting member coupled to the shaft at a po- 
sition proximal to the tissue harvesting tip, the 
cutting member being effective to macerate a 
tissue sample excised by the tissue harvesting 
tip. 

2. The device of claim 1 , further comprising a biasing 
element effective to bias the shaft to the proximal 
position. 

3. The device of claim 2, further comprising a trigger 
mechanism connected to the shaft, wherein, upon 
actuation, the trigger mechanism is effective to 
overcome the biasing force to move the shaft from 
the proximal position to the distal position. 

4. The device of claim 1 . wherein the open distal end 
of the outer tube is adapted to form a seal with a 
tissue surface. 

5. The device of claim 1 , wherein the substantially 
open distal end of the outer tube is defined by an 
edge wall that is angled with respect to a longitudi- 
nal axis of the outer tube. 

6. The device of claim 5, wherein the angle is in the 
range of about 30° to 75°. 

7. The device of claim 5, wherein the angle is about 
40°. 

8. The device of claim 5, wherein the edge wall in- 



cludes surface features formed thereon. 

9. The device of claim 8, wherein the surface features 
comprise ridges. 

5 

10. The device of claim 1 , wherein the cutting member 
comprises at least one blade member extending ra- 
dially from the shaft. 

10 11. The device of claim 10, wherein each blade member 
has a shape selected from the group consisting of 
a rectangular shape, a curved shaped, a triangular 
shape, a square shape, an irregular shape, and 
combinations thereof. 

15 

12. The device of claim 1, wherein the harvesting tip 
comprises a cone-shaped member having a plural- 
ity of cutting teeth formed on an outer surface there- 
of. 

20 

13. The device of claim 1, wherein the harvesting tip 
comprises a substantially semi-cylindrical housing 
having a cutting surface formed around a periphery 
thereof. 

25 

14. The device of claim 1 , wherein the harvesting tip is 
adapted to penetrate tissue to remove a predeter- 
mined volume of tissue when moved from the prox- 
imal position to the distal position. 

30 

1 5. The device of claim 1 4. wherein the predetermined 
volume of tissue, per tissue sample, is in the range 
of about 0.5 cm 3 to 1 .5 cm 3 . 

35 1 6. The device of claim 1 A, wherein the predetermined 
volume of tissue, per tissue sample, is about 0.9 
cm 3 . 



17. The device of claim 1, further comprising a sizing 
40 screen disposed within the outer tube and posi- 
tioned proximal to the harvesting tip and the cutting 
member of the shaft. 

18. The device of claim 17, wherein the sizing screen 
45 includes openings formed therein, wherein the 

openings are defined by a wall having an upstream 
edge that is effective to cut tissue having a size 
greater than the circumference of the openings. 

50 19. The device of claim 17, wherein the sizing screen 
includes openings formed therein and having a di- 
ameter in the range of about 0.7 mm to 1 .3 mm. 

20. The device of claim 17, wherein the sizing screen 
55 includes openings formed therein and having a di- 
ameter of about 1 .0 mm. 

21. The device of claim 1, further comprising a driver 
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mechanism coupled to the shaft and effective to ro- 
tate the shaft at a speed in the range of about 1 00 
to 5000 rpm. 

22. The device of claim 1 , wherein the harvesting tip of 5 
the shaft is adapted to extend beyond the outer tube 

by a predetermined distance. 

23. The device of claim 22, wherein the predetermined 
distance is in the range of about 1 mm to 5 mm. 10 

24. The device of claim 22, wherein the predetermined 
distance is about 3 mm. 

25. The device of claim 1, wherein the outer tube is 15 
adapted to be coupled to a vacuum pump that is 
effective to draw tissue through at least a portion of 
the outer tube. 

26. A method for harvesting a tissue sample, compris- 20 
ing: 

providing a tissue extraction and preparation 
device having an outer tube with an open distal 
end, and a shaft rotatably disposed within the 25 
outer tube and including a tissue harvesting tip 
formed on the distal end thereof and a cutting 
member coupled to the shaft at a position prox- 
imal to the tissue harvesting tip; 
coupling a proximal end of the shaft to a driver 30 
mechanism; 

positioning the open distal end of the outertube 
against a tissue surface at a desired tissue 
sample site; 

actuating the driver mechanism to effect rota- 35 
tion of the shaft within the outer tube; 
moving the shaft from a proximal position, 
wherein the harvesting tip of the shaft is dis- 
posed within the outertube, to a distal position, 
wherein the harvesting tip extends distally from 40 
the outer tube to penetrate the tissue surface, 
thereby causing the harvesting tip to obtain a 
tissue sample; and 

returning the shaft to the proximal position 
wherein the tissue sample is macerated by the 45 
cutting member. 

27. The method of claim 26, further comprising the step 
of coupling the outer tube to a vacuum pump that is 
effective to draw the macerated tissue sample 50 
through at least a portion of the outertube. 

28. The method of claim 26, further comprising the step 
of coupling the outer tube to a tissue dispensing de- 
vice that is effective to deposit the macerated tissue 55 
sample onto a tissue scaffold. 

29. The method of claim 26, wherein the device further 



includes a biasing element that is effective to bias 
the shaft to the proximal position. 

30. The method of claim 29, wherein the device further 
includes a trigger mechanism that, upon actuation, 
is effect to overcome the biasing force to move the 
shaft from the proximal position to the distal posi- 
tion. 
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